Six monoclonal antibodies against different epitopes of maize leaf nitrate reductase were used to compare plant nitrate reductases in enzyme linked immunosorbent assay and enzyme activity inhibition tests. The number of cross-reacting antibodies was shown to vary with species according to phylogenetic classification, ranging from five (sugarcane) to one (dicotyledonous species). Cross-reactions were restricted to higher plant nitrate reductases.
Plant nitrate reductase (EC 1.6.6. 1) has been shown to have a dimeric structure with two identical subunits (6, 11) and to contain a heme component, FAD' and a molybdenum cofactor (4) . NR has two partial activities in the presence of electron donors or acceptors which shunt the electron flow: NADH-Cyt c reductase and methyl viologen-NR (4) .
Polyclonal antisera have been obtained against NR of spinach (Spinacia oleracea) (3) , barley (Hordeum vulgare) (7) , and squash (Cucurbita maxima) (14) . Using a rabbit polyclonal antiserum prepared against squash NR in an Ouchterlony test, NRs ofsquash and spinach appeared to be similar, but somewhat different from corn and soybean NRs and very different from Chlorella vulgaris and Neurospora crassa NRs (14) . Results obtained by rocket immunoelectrophoresis with a polyclonal antiserum raised against barley NR showed differences between NRs of monocotyledonous and dicotyledonous species (15) . Recently, MAbs against plant NR have been obtained (1, 12 (9) and Neurospora crassa as previously described (10) .
Enzyme Preparation. Leaves (or sticks for asparagus) were frozen and ground in liquid N2 and then placed into extraction buffer (15 g 5 AM FAD, and 5 mM cysteine and desalted on a GF45 column (Pharmacia). The resulting final volume of the extract was 1 ml of Tris-HCI buffer for 15 g of leaves. C. pyrenoides cells were sedimented, resuspended in distilled H20, and broken with the microtip of a Branson B15 sonicator (30% of maximal output). N. crassa nitrate reductase was extracted as previously described (10) .
Rabbit Polyclonal Antiserum. The rabbit polyclonal antiserum was prepared against maize leaf NR, purified by affinity chromatography (2a).
Monoclonal Antibodies. The MAbs were used as ascite fluid (after (NH4)2S04 precipitation) prepared as previously described (1) .
The concentrations of NR specific immunoglobulins in the different ascites were 0.2 mg/ml for 25(15), 0.3 for 96 (9) (9)25, 28(2), and 25 (15), cross-reacted strongly with sugarcane, but the 15(21) and 8(23) antibodies gave a low yet reproducible response.
Only the 96(9)25 antibody could recognize NR of all the dicotyledonous species ( Fig. 1; result shown only for tobacco) .
NR Activity Inhibition. The MAbs 96(9)25 and 28 (2) inhibited NR activity of all monocotyledons. The 96(9)25 antibody inhibited also dicotyledon NR activity, but not N. crassa and C. pyrenoides NR activity ( Table I ). The inhibition level depended on plant species. The MAb 96(9)25 inhibited very similarly NR activity ofall monocotyledonous species and oftwo dicotyledonous species (tobacco and N. plumbaginifolia), but that of sunflower and particularly that of soybean were inhibited to a lesser extent. Soybean extracts exhibited two NR activities, NADHand NADPH-NR (5). The NADPH-NR activity of soybean was inhibited at the same level than the NADH-NR activity (result not shown). The MAb 28(2) does not inhibit NR activity of dicotyledonous species and, among the monocotyledons, asparagus NR was inhibited less than NRs of other species. (14) . The immunological data obtained are in agreement with the botanical classification based mostly on morphological criteria. Nevertheless pearl millet NR was expected to have more common epitopes with maize NR than barley NR according to this classification.
Generally, antigenic sites involved in enzyme activity (epitopes of antibodies 28(2) and 96(9)25) are more conserved than other sites. The conservation ofactive sites has also been observed with an antiserum against barley NR (15) and with MAbs against spinach NR (12) . The epitope of antibody 28(2), which is correlated with methyl viologen-NR activity (1), is similar in the monocotyledon NRs, but different in dicotyledon NRs. On the contrary, the 96(9)25 epitope is very interesting, because of its central position in NR. Indeed, antibody binding to that site inhibits altogether the two NR partial activities (1), usually thought to be performed by separate domains of the molecule. This epitope is the most conserved one, being present in monocotyledonous and dicotyledonous species, but absent in gymnosperms (data not shown), C. pyrenoides and N. crassa.
We observed differences, however, in the NR activity inhibition among the different species tested. The recognition site of the 96(9)25 antibody is probably modified in soybean NR compared to maize NR, in agreement with results obtained with polyclonal antiserum against barley NR (15) . Our observations show that, among the two soybean NRs, at least the NAD(P)H-NR is recognized. Similarly the 28(2) epitope in asparagus is also probably slightly different from maize NR site.
The three MAbs, 8(23), 42(22), and 15(21), which react with denatured enzyme in western blotting (1) , have a more restricted cross-reactivity with other plant species NRs.
For the present time, NR immunological comparison had been carried out only with polyclonal antibodies (7, 14) and with MAbs inhibiting NR activity (12) . MAbs have the ability to react with restricted sites of the molecule, each of them being a unit that could be compared separately. Additional MAbs will, however, allow a more detailed immunological classification of plant NRs.
